Background: Previous studies of healthcare utilization for chronic obstructive pulmonary disease (COPD) have focused on time-trends in COPD visits or COPD treatments, or the effect of hospital volume on mortality. Few data are available regarding outcomes after an ED visit (and subsequent hospitalization) for COPD, which are both very common in patients with COPD. Our objective was to assess time-trends and predictors of emergency department and subsequent inpatient health care utilization and charges associated with COPD in the U.S. Method: We used the 2009-12 U.S. Nationwide Emergency Department Sample (NEDS) to study the incidence of ED visits and subsequent hospitalizations with COPD as the primary diagnosis. We used the 2012 NEDS data to study key patient/hospital factors associated with outcomes, including charges, hospitalization and dischage from hospital to home. Results: ED visits for COPD as the primary diagnosis increased from 1.02 million in 2009 to 1.04 in 2010 to 1.10 million in 2012 (0.79-0.82 % of all ED visits); respective charges were $2.13, $2.32, and $3.09 billion. In 2012, mean ED charges/visit were $2,812, hospitalization charges/visit were $29,043 and the length of hospital stay was 4.3 days. 49 % were hospitalized after an ED visit. Older age, higher median income, metropolitan residence and comorbidities (diabetes, hypertension, HF, hyperlipidemia, CHD, renal failure and osteoarthritis) were associated with higher risk whereas male sex, Medicaid or self pay insurance status, hospital location in Midwest, South or West U.S. were associated with lower risk of hospitalization. 65.4 % of all patients hospitalized for COPD from ED were discharged home. Older age, comorbidities (diabetes, HF, CHD, renal failure, osteoarthritis) and metropolitan residence were associated with lower odds of discharge to home, whereas male sex, payer other than Medicare, Midwest, South or West U.S. hospital location were associated with higher odds. Conclusion: Health care utilization and costs in patients with COPD are significant and increasing. COPD constitutes a major public health burden in the U.S. We identified risk factors for hospitalization, costs, and home discharge in patients with COPD that will allow future studies to investigate interventions to potentially reduce COPD-associated utilization.
Background
Chronic obstructive pulmonary disease (COPD) is associated with significant morbidity and health care costs worldwide [1] . COPD is the third leading cause of mortality in the U.S. and affects >12 million Americans [2, 3] . COPD was associated with $32 billion in costs in 2010 in the U.S. [4] . It frequently leads to inability to work and mobility limitations [5] , which poses high societal economic burden [6] . COPD is associated with significant decrements in quality of life [7] , worst in those with higher COPD disease severity [8, 9] . In addition to clinical burden, the inability to work due to COPD also poses high economic burden on both patients and governments [6] .
Acute exacerbations of COPD are associated with significant morbidity, and decrements in quality of life [10, 11] and lead to frequent ED visits and hospitalizations. Studies have examined factors associated with hospitalization in patients with COPD, mostly in single-center settings or small cohorts [12] [13] [14] . One study using a nationally representative U.S. sample found that EDs with higher COPD volume had lower mortality and shorter hospital length of stay [15] compared to those with a lower volume. A previous study using the U.S. National Hospital Ambulatory Medical Care Survey (NHAMCS) from 1993 to 2005 reported 0.6 million COPD visits annually [16] , consistent with the estimates reported earlier using the National emergency Department (NEDS) data [15] .
Previous studies of COPD ED visits focused on timetrends in visits [17] , effect of hospital volume on mortality [15] and trends in treatment [16] . Few, if any data, are available regarding outcomes after an ED visit for COPD. A recent NEDS study comparing COPD with other chronic conditions combined COPD and bronchiectasis and did not provide separate data for COPD [17] . An older study estimated 1.5 million emergency department visits in 2002 in the U.S. [18] . These Centers for Disease Control and Prevention (CDC) data are 15-years old. Thus, contemporary data related to ED and inpatient burden due to COPD in the U.S. are needed, to better understand the current COPD burden on the healthcare system. Our objective was to examine the predictors and estimates of ED and inpatient utilization due to COPD as the primary diagnosis and post-hospitalization disposition, using contemporary NEDS data.
Methods

Data source and study population
We used the discharge data from the Nationwide Emergency Department Sample (NEDS), the largest, all-payer U.S. emergency department [ED] database that contains a 20 % stratified sample of ED visits from across the U.S., provided by the Healthcare Cost and Utilization Project (HCUP), Agency for Healthcare Research and Quality [19, 20] . NEDS data is provided by the HCUP State Emergency Department Databases (SEDD) and the State Inpatient Databases (SID) [19, 20] that capture the discharge information on ED visits that do not result vs. that result in an admission to the same hospital, respectively. As an example, 950 U.S. hospitals from 30 states contributed data in 2012.
NEDS is publicly available. NEDS provides appropriate weights to obtain weighted national estimates [20] . For this study, we limited analyses to patients aged 18 and older with an ED visit with COPD as the primary diagnosis. COPDrelated visits and hospitalizations were identified using the International Classification of Diseases, ninth revision, Common Modification (ICD-9-CM) code of 491.xx, 492.xx and 496.xx, which have been previously shown to be valid [21] . NEDS contains event-level data but not unique identifiers so that individuals may be represented by multiple visits in any given year. The Institutional Review Board at the University of Alabama at Birmingham (UAB) approved the study.
Outcomes of interest
We examined the following outcomes of interest: (1) ED discharge disposition (hospitalization vs.routine discharge); (2) ED charges; (3) Inpatient discharge to home (vs. other); (4) Duration of hospital stay; and (5) Total charges (ED and inpatient).
Covariates
We examined patient and hospital characteristics as covariates. These included age, sex, insurance status, residence [urban vs. rural] and annual median household income estimated using residential zip code. Hospital characteristics included geographical region [Northeast, Midwest, South and West], location in metropolitan or non-metropolitan area, and whether the hospital is teaching vs. non-teaching. For each visit in NEDS, up to 15 ICD-9-CM diagnostic codes, and nine ICD-9-CM procedure codes are provided. We pre-specified certain non-pulmonary comorbidities as potential predictors of outcomes in patients with COPD as the primary reason for ED visit/hospitalization. These comorbidities were chosen due to their common occurrence (coronary heart disease [CHD], heart failure [HF], diabetes, renal failure, hyperlipidemia, hypertension, osteoarthritis [OA], gout).
Statistical analysis
We calculated summary statistics for key outcomes associated with COPD-related ED-visits and COPD-related to analyze whether patient and hospital factors were associated with outcomes of COPD-related ED visit, i.e. ED visit with COPD as the primary diagnosis (charges; hospital admission vs. not), COPD-related inpatient admission (length of stay; total charges) and disposition after inpatient admission (discharge to nursing home, total charges).
We examined patient-and hospital characteristics and comorbidities (secondary diagnoses) as potential predictors of these outcomes (see covariate section). We performed multivariable-adjusted logistic regression (discharge disposition, length of hospital stay ≥2 days) or linear regression (charges, duration of hospitalization) using SAS version 9.3 (SAS corporation, Cary, NC, USA). Sensitivity analyses examined the log of hospital stay, hospital stay when dichotomized at 2 days, and the log of total hospital charges, since hospital stay and charges variables were slightly more normal distributed when log-transformed and to examine whether findings were robust or not. Sensitivity models were also performed adding asthma as a pulmonary comorbidity to main models, since it frequently accompanies COPD.
Results
Clinical and demographic characteristics
The number of ED visits for COPD increased from 1.02 million in 2009 to 1.04 in 2010 to 1.10 in 2012 (Table 1 ). There were similar proportions of patients across study years who were female or lived in metropolitan area. Across the study years, the primary payer, hospital region and teaching status were also similar ( Table 1) . The mean age for patients with COPD with ER visit in 2012 was 65.5 years, and 55 % were female (Table 1) . 73 % lived in the metropolitan area, Medicare was the primary payer for 63 % and 45 % of all COPDhospitalizations occurred in hospitals located in the South ( Table 1 ). The number of ED visits over time was stable (Fig. 1a) and income varied significantly by region (Fig. 1b) , being lower in Southern US than other regions. 
Predictors of ED charges and discharge disposition
Older age, male sex, residence in metropolitan area and hospital location in Midwest, South or West U.S. location, were each associated with higher charges for ED visit for COPD in multivariable-adjusted analyses (Additional file 1: Appendix 3). In univariate analyses, several patient and hospital characteristics and comorbidities were associated with COPD-hospitalization after an ED visit (Additional file 1: Appendix 4). In multivariable-adjusted analyses, older age, higher median household income and metropolitan residence were associated with higher risk whereas male sex, Medicaid or self pay insurance status and hospital location in Midwest, South or Western U.S. were associated with lower risk of hospitalization after an ED visit for COPD (Table 2) . Diabetes, hypertension, HF, hyperlipidemia, CHD were associated with 1.2-2.3 fold higher odds, renal failure with 3.1-fold and osteoarthritis with 5.0-fold odds of hospitalization in patients with ED visit with COPD as the primary diagnosis, respectively ( Table 2) .
Hospitalization disposition and predictors
In 2012, of all hospitalizations for COPD as the primary diagnosis, 65.4 % were discharged home, 13.4 % to skilled nursing/intermediate facilities, 17.2 % to home health care and 1.1 % died (Additional file 1: Appendix 5). Multivariable-adjusted analyses showed that older age and metropolitan residence were associated with lower odds, whereas male sex, payer other than Medicare, and Midwest, South or West U.S. hospital location were associated with higher odds of discharge to home (Table 3) . Comorbidities except hyperlipidemia, hypertension, and gout were associated with lower-odds of discharge to home (Table 3) ; heart disease and osteoarthritis were not significantly associated. As expected, an opposite direction for associations was noted in multivariable-adjusted analyses for discharge to skilled facilities (Additional file 1: Appendix 6).
Length of hospital stay and charges
Multivariable-adjusted linear regression showed that older age and metropolitan location were associated with longer stay in patients hospitalized with COPD as the primary diagnosis whereas male sex, non-Medicare primary payer, hospital location other than Northeast were associated with shorter hospital stay (Table 4) . Most comorbidities except hyperlipidemia, gout and hypertension were associated with longer hospital stay (Table 4) ; heart disease, diabetes and osteoarthritis were not significantly associated.
In multivariable-adjusted analyses, older age, higher income, metropolitan location, Western U.S. hospital location, and the presence of renal failure, HF and diabetes were associated higher total (ED + inpatient) hospital charges (Table 5) . Male sex, non-Medicare primary payer, and a few comorbidities were associated with lower hospital charges (Table 5) .
Sensitivity analyses examining the log of hospital stay (Additional file 1: Appendix 7), hospital stay when dichotomized at 2 days (Additional file 1: Appendix 8), or log of total hospital charges (Additional file 1: Appendix 9) showed similar results as above.
Impact of co-existing asthma on outcomes
When the main multivariable-adjusted models were additionally adjusted for the presence of asthma, we found that the odds of hospital admission from ED were not increased, 0.91 (0.79, 1.05; p = 0.19), but odds of discharge to home were higher, 1.43 (1.29, 1.59); p < 0.0001). Asthma was significantly associated with longer duration of hospital stay in those hospitalized, but hospital charges were not significantly different: beta coefficients 0.29 (0.15, 0.43; p < 0.0001) and 947.4 (-658.9, 2553.6; p = 0.24).
Discussion
In this study using the NEDS, a U.S. representative national sample, we studied utilization of ED and inpatient resources with COPD as the primary diagnosis. We found that COPD was associated with >1 million ED visits and over half a million hospitalizations in 2012. Our estimates for the overall number of ED visits and inpatient hospitalizations related to COPD are similar to those reported in a study that combined COPD and bronchiectasis [17] . A previous study of trends in COPD treatment in the ED showed higher concordance with treatment recommendations in the recent years [16] , indicating that quality of COPD care in the ED may be improving over time. We also examined factors associated with health resource utilization and charges for ED and inpatient visits due to COPD. Several findings merit further discussion.
First, we found that several sociodemographic, comorbidity, and hospital factors were associated with the risk of hospitalization among COPD patients who presented to ED with COPD as the primary diagnosis. Previous studies have focused on pulmonary function status and COPD medications as predictors of COPD hospitalization and associated costs [22, 23] , but did not examine socio-demographic and hospital characteristics in detail. Our study examined these key characteristics and made important observations.
We found that older age, median household income above $48,000, metropolitan residence and the presence of comorbidities were each associated with higher risk of hospitalization. The association of older age with higher risk of COPD hospitalization is not surprising and confirms earlier similar findings from studies of smaller sample sizes [12, 24] , now in a larger, representative U.S. sample. The association of higher median household income with a higher risk of COPD hospitalization/costs in interesting and extends a similar finding from other chronic conditions [25, 26] to COPD. Since models were adjusted for insurance type, the income effect is independent of insurance status and type. It is possible that income reflects education level or health literacy level, both of which might impact the risk of hospitalization. The association of female sex with higher odds of COPD CHD coronary heart disease, CHF congestive heart failure, COPD chronic obstructive pulmonary disease, Significant odds ratios are in bold CHD coronary heart disease, CHF congestive heart failure, COPD chronic obstructive pulmonary disease, Significant odds ratios are in bold CHD coronary heart disease, CHF congestive heart failure, COPD chronic obstructive pulmonary disease, Significant beta coefficients are in bold. A negative coefficient indicates a shorter hospital stay and positive coefficient, a longer hospital stay CHD coronary heart disease, CHF congestive heart failure, COPD chronic obstructive pulmonary disease, Significant beta estimates are in bold hospitalization is consistent with a similar finding from Danish population-based study of 1.5-fold higher risk [27] . Medicaid or self-pay insurance status, hospital location in Midwest, South or Western U.S. were associated with lower risk of hospitalization after ED visit for COPD. The regional differences may be related to region-specific practices, differing severity of COPD and/or coexistent comorbidities by region, distance to nearest medical center etc. To our knowledge, our study is the one of the first U.S. studies to comprehensively examine the association of important socio-demographic, comorbidity and hospital characteristics and factors with COPD-hospitalization. Comorbidities were risk factors for COPD hospitalizations. Diabetes, hypertension, heart failure, hyperlipidemia, and CHD were each associated with 1.2-2.3 fold higher odds of COPD hospitalization. Previous literature examining the association of comorbidities with COPD admission is somewhat contradictory. Coronary artery disease and diabetes mellitus were significant risk factors for COPD admission in some studies [28, 29] , but other studies found no association of comorbidities with COPD readmission [30] [31] [32] [33] . Potential reasons for differences in findings of previous studies are differences in comorbidities adjusted in the analyses, study settings, and omission of important confounders in some studies. General interventions such as physical rehabilitation can improve outcomes of patients hospitalized with COPD [34] . Other specific interventions and management strategies targeting these comorbidities (diabetes, hypertension, HF, CHD etc.) in patients with COPD might reduce COPD-associated inpatient utilization.
We found that renal failure was associated with 3.1-times higher odds and osteoarthritis with 5.0-fold higher odds of hospitalization among COPD patients who presented to ED. To our knowledge, these findings are novel. Renal failure has been previously associated with higher mortality in hospitalized COPD patients, but risk of hospitalization was not assessed [35] [36] [37] . Whether the increased hospitalization risk is due to the presence of renal failure or its worsening during the treatment of COPD exacerbation with corticosteroids and antibiotics in the ED, cannot be determined from our study. Similar to our observation of $4,756 unadjusted higher total charges in COPD patients with renal failure, a recent study by Manino et al. reported that the average allcause total health-care costs from the index date to 360 days after the index date were highest for patients with chronic kidney disease, by $41,288 [38] . Therefore, future studies need to examine whether optimization of renal function by adequate hydration, medication management and optimization of renal function during a COPD flare and its treatment may help in reducing this risk of COPD hospitalization.
Osteoarthritis is associated with significant disability [39] , loss of independence and higher health care utilization [40] in general. Difficulty in ambulation and daily activities due to concomitant osteoarthritis and associated frailty may contribute to a higher risk of hospitalization in COPD patients who also have difficulty in breathing. Use of assistive devices, exercises and self-management strategies reduce disability in osteoarthritis [41] [42] [43] ; newer methods such as neuromuscular electrical stimulation may be helpful in some patients [44, 45] . Future studies should examine if early diagnosis and optimal treatment of osteoarthritis in patients with COPD, focusing on inexpensive and commonly available non-surgical interventions for osteoarthritis, can reduce the risk of COPD hospitalization.
As noted above, our study findings of the association of various socio-demographic, comorbidity and hospital characteristics with COPD-hospitalization add to the current knowledge. Factors such as long term oxygen therapy, low health status, poor health related quality of life and inadequate physical activity [22] and body mass index, airflow obstruction, dyspnea, and exercise capacity (BODE) index [46] are associated with COPD hospitalization, and can predict hospital length of stay in and mortality in patients with COPD [47] [48] [49] [50] . Our study identified additional risk factors for COPD hospitalization. This new knowledge can help clinicians risk stratify COPD patients and target those with poorest prognosis.
Another finding was that older age, diabetes, HF and renal failure were associated with lower odds and male sex with higher odds of discharge to home (vs. nursing home/facilities) in hospitalized COPD patients. These findings are not unexpected; however, we are unaware of any studies with a representative U.S. sample that have explored this aspect of COPD care. Thus, these findings are novel. It remains to be seen whether optimization of HF, renal failure, and diabetes in COPD patients who are admitted to the hospital can increase the proportion discharged to home vs. skilled facilities.
Study findings must be interpreted considering study limitations. These findings are likely only applicable to ED-associated hospitalizations, not all hospitalizations. Due to the nature of NEDS database that captures data at the encounter level, rather than patient level, we are unable to examine risk factors for COPD readmissions, which are of interest clinically and for healthcare policy. We believe that at least some COPD admissions are readmissions. NEDS database does not link the ED visit to inpatient admission to another hospital, and we would likely miss this relatively uncommon event, since linkages of ED to hospitalization are at a hospital level. This underestimation is possible, but it is likely to be an uncommon or rare event. NEDS does not provide disease severity variables to adjust in the analyses, which can lead to residual confounding. Generalizability of findings to other countries may not be possible, since health care settings differ. Detailed assessments of COPD medications and their associations with COPD-related utilization would have provided additional insights; however, these data were not available in NEDs and this was beyond the scope of this study.
Our study has several strengths. NEDS is the largest, publically available U.S. sample of ED visits, therefore the findings are representative of and applicable to the U.S. population. We adjusted for several covariates and confounders including patient and hospital characteristics in patients with COPD to obtain unbiased estimates.
Conclusions
In conclusion, in this study of 2009-2012 NEDS data of patients presenting to the ED with COPD as the primary diagnosis, we studied patient discharge disposition from the ED and ED costs and for those admitted to the hospital, length of hospital stay, discharge disposition and costs. We found that older age, metropolitan residence and comorbidities (diabetes, HF, CHD, renal failure and osteoarthritis) were associated with higher risk of hospitalization and lower odds of discharge to home. Higher income was also associated with higher risk of hospitalization. We also identified other patient characteristics associated with hospital charges. Studies in the future should examine whether interventions targeting these modifiable factors can improve COPD outcomes.
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